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IONIZED GAS KINEMATICS AT HIGH RESOLUTION. II: DISCOVERY OF A DOUBLE INFRARED
CLUSTER IN II ZW 40
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ABSTRACT
The nearby dwarf galaxy II Zw 40 hosts an intense starburst. At the center of the starburst is a
bright compact radio and infrared source, thought to be a giant dense H ii region containing ≈ 14, 000
O stars. Radio continuum images suggest that the compact source is actually a collection of several
smaller emission regions. We accordingly use the kinematics of the ionized gas to probe the structure
of the radio-infrared emission region. With TEXES on the NASA-IRTF we measured the 10.5µm
[SIV] emission line with effective spectral resolutions, including thermal broadening, of ∼ 25 and
∼ 3 km s−1 and spatial resolution ∼ 1′′. The line profile shows two distinct, spatially coextensive,
emission features. The stronger feature is at galactic velocity and has FWHM 47km s−1. The second
feature is ∼ 44 km s−1 redward of the first and has FWHM 32kms−1. We argue that these are two
giant embedded clusters, and estimate their masses to be ≈ 3 × 105M⊙ and ≈ 1.5 × 10
5M⊙. The
velocity shift is unexpectedly large for such a small spatial offset. We suggest that it may arise in a
previously undetected kinematic feature remaining from the violent merger that formed the galaxy.
Subject headings: star formation — star clusters — embedded clusters — infrared —galaxies: indi-
vidual(II Zw 40)
1. INTRODUCTION
The most intense star formation sites in nearby star-
bursts contain hundreds or thousands of OB stars in
volumes no more than a few parsec across, embedded
in dense obscuring material. The stars excite regions
of high infrared and radio luminosity and large ionizing
fluxes, which are observed as ‘radio-infrared superneb-
ulae’ (RISN). The massive stars will also provide con-
siderable kinetic energy via winds and violent episodes.
These intense and compact energy sources are clearly of
great importance for the development of the starburst,
and of the entire host galaxy. How will they evolve and
how do they affect their surroundings? To answer those
questions we need to understand the kinematics of the
gas ionized by the embedded stars. The extinction to
these star formation regions is too high for optical or
ultra-violet tracers to be seen.
This is the third in a series on high resolution spec-
troscopy of intense extragalactic star formation sources
in the middle infrared (Beck et al. 2010, 2012). We use
fine-structure lines of metal ions as kinematic tracers,
rather than the more commonly observed hydrogen re-
combination lines, because the metal lines are less af-
fected by thermal broadening. In a nebula with electron
temperature Te, the thermal motions effectively convolve
lines emitted by an ion of mass mi with a gaussian of
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σ = (kTe/mi)
1/2 or FWHM v = 2.35× (kTe/mi)
1/2. For
Te = 10
4, the thermal widening of a hydrogen line is
∼ 21 km s−1. Heavier elements suffer less thermal broad-
ening by a factor of Vm/Vh = (mh/mm)
1/2 and can more
accurately detect fine kinematic structure. The value
of metal emission lines as kinematic probes of H ii re-
gions has been demonstrated for Galactic ultra-compact
H ii regions (Zhu et al. 2008; Zhu 2006; Jaffe et al. 2003),
and in Beck et al. (2012) for the supernebula in N5253.
Here we address the starburst in the nearby dwarf
galaxy II Zw 40. II Zw 40 appears to have
formed in a collision or merger between two smaller
dwarf galaxies. HI observations (Brinks & Klein 1988;
van Zee, Skillman & Salzer 1998) find two kinematic sys-
tems, consistent with the interactions of two HI clouds of
∼ 2 × 108M⊙ each. The starburst is identified with one
of the clouds and the other is thought to be quiescent.
Beck et al. (2002) found a radio and infrared source at
α = 5h55m42s.69, δ = 03o23′32.04′′ to be the site of the
youngest and most intense star formation and the dom-
inant star formation source of the galaxy. II Zw 40 has
low metallicity [O]/[H]=8.25 (Walsh & Roy 1993), and
little molecular gas (Sage et al. 1992; Meier et al. 2001).
With its huge population of young stars, this implies
an unusually high star formation efficiency (Sage et al.
1992). How is the star formation manifested in this un-
usually efficient starburst? Is it in a single large cluster
or extended? Do the emission lines from the ionized gas
indicate how the star formation is affecting its surround-
ings?
Kinematics of the ionized gas in II Zw 40 have
been extensively studied in the optical H ii region
(Bordalo, Plana & Telles 2009, and references therein),
but there is much less spectroscopic information on the
embedded sources, which are observable only in the in-
frared and radio. The extinction to the infrared source in
II Zw 40 as found from the near-infrared HI lines and the
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free-free radio flux (Beck et al. 2002) is Av ≈ 8−10mag,
over the inner 3′′. Near-infrared spectra were obtained by
Vanzi et al. (2008) and Spitzer IRS mid-infrared spectra
by Wu et al. (2008) but these studies lacked the spec-
tral resolution to resolve the emission lines. The infrared
observations with the highest spectra resolution to date
are Brα and Brγ at 4.05µm and 2.17µm, obtained with
NIRSPEC on the Keck Telescope by Turner et al. (2001).
Those found lines of FWHM ∼ 100km s−1 and no obvi-
ous non-Gaussian structure. But while the spectral reso-
lution of NIRSPEC for the Brackett lines is ∼ 25, 000 or
12 km s−1, the thermal broadening of the hydrogen lines
(see previous section) degrades the effective resolution of
those observations to only 24 km s−1. To obtain higher
resolution, we must observe lines emitted by heavy met-
als.
II Zw 40 has a high excitation spectrum and is dom-
inated in the infrared by [NeIII] 15.5µm, which can-
not be observed from the ground (Thornley et al. 2000).
The Infrared Spectrometer on Spitzer recorded the II
Zw 40 spectrum with the Short-HI module and found
the strongest line that can be observed from the ground
to be [SIV] 951.42 cm−1 (10.5µm). We accordingly ob-
served II Zw 40 in this line. The observations and data
analysis are described in the next section and the results
in Section 3.
2. OBSERVATIONS, SPATIAL DISTRIBUTION AND TOTAL
FLUX OF THE [SIV] LINE
II Zw 40 was observed at the NASA Infrared Tele-
scope Facility on Mauna Kea, Hawaii, on the nights of
9-10 and 10-11 January 2012, with the TEXES spec-
trometer (Lacy et al. 2002). The weather was extremely
dry and observing conditions were excellent. TEXES on
the IRTF has a seeing and diffraction-limited beam of
∼ 1.4′′. The observations of 9-10 January were taken
in the medium resolution mode. The slit was 29 pixels
long and the plate scale 0.36′′ × 8.5 km s−1 per pixel.
The telescope was offset pointed to the coordinates of
the free-free radio emission peak which Beck et al. (2002)
identified as the core star formation region. Offset point-
ing in our experience at the IRTF is typically accurate
to ∼ 1 ′′. The source was nodded N-S along the slit.
The line was seen clearly in the first position. Four more
spectra were obtained, positioned in steps of 0.7′′ (half
the slit width) east and west. The line was detected in
the pointings 0.7′′ east and west from the first position;
it was not detected in the positions further out. The
galaxy and slit are shown in Figure 1 and Figure 2.
Calibration followed the procedure outlined in
Lacy et al. (2002). The source spectra are divided by
a black-sky flat field, which also provides the radiometic
calibration. Atmospheric lines observed in asteroid spec-
tra give the wavelength calibration. There are weak at-
mospheric lines at wavelengths equivalent to [SIV] at red-
shifts ∼ 1000 and ∼ 600 km s−1 but the atmosphere
at II Zw 40’s velocity appeared completely clear. This
is confirmed by the established atmospheric transmis-
sion curves for Mauna Kea6 which show transmission of
.99± 0.003 across this wavelength region.
Figure 3 shows the individual spectra of the three over-
6 The transmission curves may be found at the Gemini website:
http://www.gemini.edu/?q=node/10789.
lapping positions where the line was detected. The [SIV]
emission is highly concentrated; these observations have
only barely resolved it spatially, consistent with the radio
continuum appearance (Fig. 2). There are no convincing
variations in line shape across the source. The total flux
in the [SIV] line was found by the Spitzer IRS to be 3.73
Jy. The total TEXES flux is 5.8 Jy with an absolute
uncertainty of at least ±30%. It is not very useful to
compare observations of such radically different spatial
and spectral resolution as IRS and TEXES results quan-
titatively; the systematic uncertainties are too high. We
can only say that the flux in the TEXES ∼ 1.4′′ beam
is consistent with the entire galaxy’s emission seen by
Spitzer. This agrees with Beck et al. (2002)’s picture of
the II Zw 40 starburst, which found almost all the galac-
tic infrared and radio emission to be produced in the
central 1.5′′ core. We therefore identify the [SIV] source
with the thermal radio peak and use the radio position,
which has accuracy±0.01′′, rather than the position from
offset pointing which has lower accuracy.
The medium-resolution spectra are asymmetric, with
some structure on the red side of the peak. But with
the low spectral resolution of only ∼25 km s−1, little
more can be said about the line profile. We accord-
ingly observed [SIV] on 10-11 January in the high-
resolution mode, which has the same spatial plate scale
but 0.003 cm−1/pixel and effective resolution∼ 3 km s−1.
The NS slit was placed on the radio position and peaked
up, and the spectrum was nodded along the slit. The
high resolution spectrum is shown in Figure 4.
3. THE [SIV] LINE PROFILE
The appearance of the medium resolution spectra is
consistent across all the slit positions. The line pro-
file can be formally fit very well, with reduced χ2 ≈ 1,
by one Gaussian of 110±10km s−1 FWHM, centered at
779±7km s−1(Figure 3). The residuals to this fit show a
slight red excess.
The high resolution spectrum makes a very different
impression: on inspection it has obvious structure on
the red side of the line. There is a dip in the line profile
(marked on Figure 4) at ∼ 800km s−1 and a secondary
peak at ∼ 805km s−1. If we fit the line with one gaussian
the residuals have the distinct feature of the secondary
peak. A two-Gaussian fit to the high-resolution data
puts the stronger of the two peaks at 767±1.5kms−1 and
the weaker at 811±2.2kms−1. The first has FWHM
51±1.3km s−1and the second 37±2km s−1. The two-
Gaussian fit has reduced χ2 ≈ 1.2, somewhat better than
a one Gaussian fit for this data, and shows only very weak
structure in the residuals.
Are the red structure and the apparent secondary peak
real or an observational artifact? While there are other
features of contrast similar to the dip in the profile in
our spectra, they are associated with known sources of
noise. Noise increases over wavelengths of transition be-
tween echelon orders, which appear in the current data
as a dip at ∼ 862km s−1 , just off the [SIV] line. Noise
also goes up near atmospheric features, but the atmo-
spheric transmission over the [SIV] line is, as discussed
above, uniform to a very high degree. In addition, it is
important to note that while the medium and high res-
olution spectra appear different they actually agree very
well. If the high resolution spectrum is convolved with
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a 27 km s−1 wide Gaussian the result is very close to
the medium resolution profile. That the red structure is
seen in very similar form in each of the three independant
medium resolution spectra therefore supports the reality
of the secondary peak. We conclude that the dip in the
profile is significant and that the secondary peak is real.
3.1. Interpreting the Line Profile
3.1.1. Spatial Structure in the Star Formation Region
The star formation in II Zw 40 is confined to a
0.5 kpc diameter H ii region, which has WR features and
dominates the optical emission in both continuum and
nebular lines emission. The infrared and radio emission
associated with the starburst comes from a source within
the optical emission region, but of much smaller extent.
Beck et al. (2002) studied the infrared and free-free radio
emission from the starburst source with sub-arcsecond
resolution, and concluded that the starburst consists of
radio-infrared supernebulae excited by embedded super
star clusters. With resolution of 0.′′1-0.′′3 they localized
the star formation to a core of 1.5′′ (≈ 75 pc) diame-
ter containing ≈ 104 O stars consisting of two sources
extended 3′′ (150 pc) in the east-west direction, with a
total ionization equivalent to 14,000 O7 stars. This core,
shown in Figure 2, emits the bulk of the radio and in-
frared flux for the entire galaxy. From the radio spectrum
Beck et al deduced that the emission is optically thick at
cm wavelengths, a sign that the emitting regions have
high electron density and small size. The highest resolu-
tion radio image (0.12 × 0.14′′) show the core breaking
up into 4 unresolved sub-sources; owing to the limited
uv coverage and signal-to noise of these high resolution
maps, these could be independent peaks or density peaks
in an extended structure. If these four sources are real,
their peak fluxes lead to estimated sizes of ≈ 1 pc and
stellar populations of ≈ 600 O stars for the unresolved
emitting regions.
3.1.2. Outflow or Double Source?
The line profile shows that there is a component of
gas, in bulk about 1/4 the total of the ionized gas in the
starburst, which is offset in velocity redward of the main
emission. The simplest physical models that can produce
such a line profile are a red outflow or a double source.
In the red outflow model, all the gas is physically as-
sociated with and ionized by the same embedded star
cluster, but the line profile is not symmetric because the
gas preferentially flows away from the cluster in one di-
rection. This can be caused by a density gradient in
the embedding cloud, and the gas flow may be driven by
pressure or by the winds of the embedded stars. This is
the physical situation believed to hold in many Galactic
ultra-compact H ii regions (Zhu 2006) and deduced from
the line profile of the RISN in NGC 5253 (Beck et al.
2012), with the caveat that in all those sources the ob-
served outflow is blue of the main velocity. Blue outflow
sources, which can be presumed to on the near side of
the obscuring cloud, are obviously easier to observe than
red outflows which must be on the far side of signifi-
cant amounts of obscuring material; in their sample of
Galactic H iiregions Zhu (2006) do not detect a single
red outflow source.
The sign of the velocity offset in II Zw 40 is itself a
strong argument that the line shape is not due to an
outflow, but perhaps not definitive. The sources known
to have blue outflows are immersed in ample obscuring
material and have high extinction even at infrared wave-
lengths and even to the near side of the emitting region.
II Zw 40 is unusual among RISN for its low extinction:
as mentioned above, it has less obscuration at infrared
wavelengths than any other RISN known. If a red out-
flow is to be observable anywhere it would be in II Zw
40. But even with the stated arguments in support of an
outflow model, we believe the second model, of a double
source, is the more physically likely, and we discuss that
in the next section.
4. TWO EMBEDDED CLUSTERS
The most likely explanation of the asymmetric line pro-
file is that it combines two distinct sources at different
velocities. The first evidence is from the line profile itself,
which shows a distinct dip and rise to a second peak. Al-
though the dip in the line profile is not strong, we argue
(section 3 above) that it is real. These features cannot
be explained by a smooth outflow. Further evidence to
support this picture comes from the map of free-free ra-
dio emission, which shows multiple sources (Beck et al.
2002) in the beam. We conclude that the high excitation
starburst in II Zw 40 contains two embedded clusters
or groups of clusters at different velocities. The brighter,
which we will call II Zw 40-1 is at velocity consistent with
the galaxy’s, and II Zw 40-2 is the weaker redshifted one.
In this two-source model of the [SIV] emission region,
what can we say about the individual sources? The line
profile is consistent with each source being a simple Gaus-
sian, with no outflow features. From the FWHM and
an assumed Te of 13, 000 (the value in the optically ob-
served ionized gas) the non-thermal turbulent broaden-
ing ≈ 46 km s−1 for the main source and ≈ 31 km s−1
for the secondary. If we assume R ≈ 1 pc for each cluster
and virial velocities, the total mass in the main source is
≈ 3 × 105M⊙ and in the smaller, ≈ 1.4× 10
5M⊙. Clus-
ters with these total masses and Kroupa IMFs extend-
ing to 0.1M⊙ would have total luminosities of 10
9 and
4.7×108 L⊙ and ionizations 4−7 and 1.9−3.2×10
52 s−1,
respectively. The total infrared luminosity and ioniza-
tion of II Zw 40 are 2 × 109L⊙ and 1 × 10
53 s−1 in
1′′ (Beck et al. 2001). The fluxes are roughly consistent
with what the two embedded clusters are calculated to
produce; if the small apparent excesses of observed lu-
minosity and ionization are real, they could show the
presence of some minor star formation activity outside
the two star clusters.
Note that the above derivation found the masses, lu-
minosities and ionizations of the embedded clusters from
the assumption that they are gravitationally bound, their
line widths and the size estimated from the radio spec-
trum and maps. That the derived quantities are so con-
sistent with the observed is in turn a justification of the
size estimate. It argues that the clusters cannot be more
than a few parsec in radius or their mass, luminosity and
ionization would be unrealistically large.
4.1. Comparison to the Radio and Optically Observed
Compact Sources
Multiple compact sources have been found at other
wavelengths in the complex central region of II Zw 40.
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Can the two kinematically distinct clusters be identified
with any of them? Vanzi et al. (2008) found 2 star clus-
ters in the central region of II Zw 40 which can be seen in
the optical and near-infrared, but they point out that all
the radio emission is coincident with the one cluster they
call II Zw 40-A. Their source B is a few arcseconds from
the main peak and would not fall into the same TEXES
beam, and so cannot be identified with II Zw 40-2.
It is more likely that the kinematically distinct sources
are related to the sub-sources seen in the radio maps of
Beck et al. (2002). In a 2 cm map with a 0.21′′ × 0.24′′
beam (reproduced in our Figure 2), one central source
with two sub-peaks appears. At the same wavelength and
with a 0.21′′ × 0.14′′ beam the central source holds two
distinct sub-sources, separated by about 0.4′′ or 20 pc.
At even higher resolution of 0.14′′ × 0.12′′ the sources
appear to break up further, for a total of 4 statistically
significant sources strong enough, and with enough ion-
ization, to be detectable in our spectra. We cannot tell
if the sub-sources are really independent or if they are
density peaks in the flux distribution of a single source.
The entire radio core covers an area only slightly larger
than 1 pixel of the TEXES array, which explains why we
do not detect any spatial dependance of the line profiles.
We have at present no way of knowing which of the sub-
sources belong to which velocity peak, nor can we tell if
each velocity peak holds 1, 2, 3 or even more sub-clusters
(as long as their velocity distributions have peaks within
a few km s−1 of each other, their superimposed spectrum
would be indistinguishable from a single gaussian.)
4.2. The Velocity Offset and Galactic Kinematics
The brighter source, II Zw 40-1, is at galactic velocity,
and the other 44 ± 2 km s−1 red. This is a very large
offset for two sources only pc apart on the plane of the
sky. What can we deduce about their kinematics and
those of II Zw 40?
First, the clusters are unlikely to be interacting
strongly with each other. They are almost certainly not
gravitationally bound to each other: with the minimum
possible relative velocity of 44 ± 2 kms−1, they would
have to be separated by . 1.3 pc, which is close to
the deduced size of one of the sources, to be bound. If
they are at a more reasonable distance, 10 pc for exam-
ple, their mutual gravitational potential energy would be
equivalent to a velocity of ≈ 11 km s−1. Second, the large
velocity difference between the two clusters argues that
in spite of their proximity, they were probably not formed
from different cloud cores within a single molecular cloud.
Even a large molecular cloud of 100 pc will have internal
velocity dispersion only 20 − 30 km s−1(Solomon et al.
1987; Heyer & Brunt 2004). Third, they do not agree
with the velocity gradients observed in II Zw 40. II Zw
40 is a low mass galaxy. Baldwin et al. (1982), using
optical lines, see the velocities shift by ≈ 50 km s−1 to
the red over a separation of 15′′ (750 pc), much larger
than the subarcsecond separation of the two [SIV] clus-
ters. The HI observations of Brinks & Klein (1988) with
a 5.9 × 7′′ beam find large velocity gradients across the
tidal tails and two overlapping velocity systems offset by
30 − 50 km s−1, which the authors attribute to two HI
clouds of almost equal mass, and the HI channel maps of
van Zee, Skillman & Salzer (1998), which had resolution
17× 15.4′′ , see an emission component at the velocity of
the secondary peak. But as with the optical results, the
HI gradients and velocity shifts appear over distances
much larger than the probable separation between the
two star clusters.
We thus argue that the most plausible explanation
of the velocity offset of the second cluster associates it
with a dynamical structure resulting from the merger
that created II Zw 40. HI observations have not de-
tected the hypothesized structure because of their low
resolution. Galaxy mergers can lead to high velocity
differences across star forming regions: the dwarf star-
burst He 2-10, for example, an post-merger object in
a more advanced stage than is II Zw 40 (Henry et al.
2007), hosts two sites of embedded clusters separated by
27km s−1 and ≈ 131 pc on the plane of the sky. Mergers
are also known to be excellent sites for formation of clus-
ters (Knierman et al. (2003), Mullan et al. (2011), and
references therein). Observations to test this model in
II Zw 40 would require spectral resolution of no more
than a few kms−1 and spatial resolution no worse than
0.1′′ and may be possible with ALMA.
4.3. A Possible Blue Excess
The best formal fit to the high resolution spectrum
has increased residuals on the blue side, suggesting that
there may be excess blue emission not included in the
two gaussians. Excess blue emission may, as in NGC 5253
(Beck et al. 2012), show that gas is flowing out of the em-
bedded nebula or nebulae. Such outflows, driven by ther-
mal pressure or by stellar winds, can be important in the
evolution of embedded clusters, as they make it possible
for the embedded nebulae to maintain its small size and
high density for much longer times than free expansion
would allow. Unfortunately the noise on the blue side of
the [SIV] line is high because of the strong atmospheric
line at ≈ 949.45 cm−1 in that galaxy (≈ 620 km s−1 he-
liocentric velocity), and that may affect the continuum
level. The current data are not good enough in this wave-
length region to permit us to analyze the residuals quan-
titatively; high-resolution observations of an ionic line in
a better atmospheric location are needed to confirm or
disprove the existence of an outflow.
5. CONCLUSIONS
TEXES spectroscopy of the [SIV] line from II Zw 40
has shown that the [SIV] emission is spatially very con-
centrated; all the [SIV] seen by Spitzer for the whole
galaxy is emitted from an area only ∼ 1.4 ′′ or ∼ 70 pc
across. This core starburst region is embedded in the gi-
ant ∼ 0.5 kpc (Deeg et al. 1997) H ii region which domi-
nates the optical continuum and nebular line emission of
II Zw 40. The luminosity and ionization of the infrared
and radio emission is equivalent to about 104 O7 stars.
The [SIV] line profile has a double peak: the main
peak is at the galaxy velocity and the weaker peak
44 ± 2 km s−1 to the red. We interpret this profile as
showing that there are two embedded clusters or groups
of clusters at different velocities. The best 2 gaussian
fit to the line profile finds relatively narrow FWHMs
of 47 and 32 km s−1 for the two peaks. If the line
widths reflect only thermal broadening and gravitation-
ally bound motions we deduce masses of ≈ 3 × 105M⊙
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and ≈ 1.4 × 105M⊙ for the two clusters, consistent
with normal starburst evolution and the total luminosity
and ionization deduced from infrared and radio imaging
(Beck et al. 2002).
It is not surprising that the infrared line emission in II
Zw 40 includes multiple embedded clusters. II Zw 40 is
known to be a good site for star cluster formation, with
many such having been born in its current episode of star
formation, and Beck et al. (2002) showed that the radio
emission from the core contained sub-structure that was
unresolved at ∼ 0.12 ′′scales. It is however surprising
that there are multiple sources emitting the [SIV] line.
[SIV] is a high excitation line from an ion (S+3) that can
only be created by a very hot massive star. Those stars
are short lived; from the Spitzer spectrum the clusters
in II Zw 40 are expected to be less than ≈ 3 Myr old
(Rigby & Rieke 2004). The clusters must be coeval to a
very high degree to be in this stage at the same time.
The biggest surprise of the double peaked line profile is
that it suggests the embedded clusters are substantially
offset in velocity while within a few pc on the plane of
the sky. We relate this phenomenon to the interaction
history of II Zw 40, which has its present form as the
result of the merger of two smaller dwarf galaxies. The
optically observed tidal tails or streamers of II Zw 40
cover velocity ranges similar to what is seen in the [SIV];
it may be that the interaction set up high velocity shifts
over small distances right into the core of II Zw 40.
Finally, these results illustrate the power of high res-
olution spectroscopy. In II Zw 40 a component of the
galaxy which cannot be resolved spatially has been dis-
covered from its kinematic signature in the line profile.
This discovery was possible because of the high resolu-
tion of TEXES and the low thermal broadening of metal
ionic lines.
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Figure 1. II Zw 40 in the visible, with the high-resolution slit marked. North is up and East left.
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Figure 2. The size of the TEXES slit, superimposed on a VLA continuum map of II Zw 40 at 2cm, from Beck et al. (2002). The radio
contours are ±2n/2 × 0.27 mJy/beam and the beam size is 0.21 × 0.24′′. The source at α = 5h55m42s.69, δ = 03o23′32.04′′ is the star
formation peak and the dominant radio and infrared source of the galaxy. The TEXES slit illustrates the relative sizes of the infrared beam
and the radio source(s) rather than the absolute position registration.
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Figure 3. Left: the spectrum of [S IV] at medium resolution in the three beam positions where it was detected. One slit was on the
nominal center and the other two were offset 0.7′′ or half a slit width to east and west. The x-axis is velocity in km s−1and the y-axis
intensity in ergs/s sr cm2cm−1. Two reference wavenumbers are shown at the top of the graph. Right: the medium resolution spectrum
summed over the entire emission region and normalized to the same peak flux as Figure 2a, the best single Gaussian fit, and the residuals.
Figure 4. The high resolution spectrum, smoothed by 3 pixels or one resolution element, with the two Gaussians of the best fit, their
sum, and the residuals of the fit. The arrow indicates the ”dip” in the profile.
